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Abstract:

In the dual pursuit of expanding non-fossil fuel electricity capacity and becoming a ‘developed’
nation, India’s development trajectory drives the rapid expansion of large-scale solar photovoltaics
(PV). In Jaisalmer, however, this expansion encounters complex socio-ecological landscapes marked
by questions of (in)justice and uneven development. Drawing on energy geographies and energy
justice, this thesis employs a mixed-methods approach involving interviews, official statistics, and
maps to explore the changing socio-ecological landscapes across three villages — Dholiya, Keraliya,
and Sanawara — and how these intersect with the expansion of large-scale solar PV. This spatially
centred analysis reveals a reconfigured landscape characterised by differentiated socio-ecological
impacts of solar PV expansion and highlights how large-scale energy transitions actively reproduce
uneven geographies of development and energy injustice in India. This thesis concludes by
qguestioning which livelihood practices and rural futures are supported and which are rendered
marginal in India’s pursuit of low-carbon development.
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1 Introduction

I would say that if the village perishes India will perish too. India will be no more India.
Her own mission in the world will get lost. The revival of the village is possible only when
it is no more exploited. Industrialization on a mass scale will necessarily lead to passive

or active exploitation. (Gandhi, 1936/1947)

In a bid to limit global warming and mitigate climate change, countries across the globe have pledged
to reduce greenhouse gas (GHG) emissions by transitioning away from fossil-fuel based energy
sources towards renewable or low-emission energy technologies. Being the third largest GHG
emitting country, India has committed to achieve 500 GW of installed non-fossil fuel electricity
capacity by 2030 (PIB, 2026). Solar photovoltaics (PV) play a leading role in fulfilling India’s energy
commitments, contributing over 150 GW (55%) of installed capacity towards the 275 GW of total
installed renewable energy capacity, as of March 2026 (MNRE, 2026a). While solar PV technologies
hold the potential for decentralised and more democratic forms of ownership against the centralised
and extractive nature of fossil fuel infrastructures, there appears a strong scalar bias in India’s solar
PV roll-out (Sareen & Haarstad, 2021) — with just over 26 GW of grid connected solar rooftop
capacity as opposed to over 115 GW (77%) of ground mounted solar capacity, comprising mainly

large-scale® solar PV (MNRE, 2026a).

These large-scale solar PV projects although being low-emission, require large amounts of land,
among other resources, and have been riddled with diverse and serious socio-ecological
consequences. The state of Rajasthan, in North-western India, leads the country’s solar ‘mission’ with
over 41 GW of installed solar PV capacity, as of March 2026, contributing about 27% of the total solar
PV capacity in India (MNRE, 2026a). This is partly attributable to the favourable geography of
Western Rajasthan as an arid region with abundant solar irradiation and vast tracts of sparsely
populated land. However, large-scale solar PV projects in Western Rajasthan, particularly the districts
of Barmer, Bikaner, Jaisalmer, and Jodhpur, have been marked by a wide range of socio-ecological
harms, inter alia: the loss of common pastures and Orans (vegetation-rich, community forests), the

cutting of locally sacred khejri (Prosopis cineraria) trees, the destruction of habitats for local fauna,

1In this thesis, | refer to utility-scale solar PV as large-scale solar PV. Utility-scale solar PV plants are typically
large-scale power plants that generate electricity to be evacuated via the grid instead of being consumed

locally.



the dispossession of communities dependent on government owned land, the erosion of
agropastoral livelihoods, and intensified competition over already scarce water resources

(Shokrgozar & Sareen, 2025a, 2025b).

Despite the increasingly evident socio-ecological impacts, the rapid roll-out of large-scale solar PV
over other scales of deployment in India has been facilitated by a narrative of “win-win techno-
solutionism” (Girard et al., 2025). This narrative portrays solar PV as a driver of green inclusive
growth, presenting an opportunity for generating development and employment in rural areas
(Girard et al., 2025), but obscures the existing social inequalities that are exacerbated and/or created
by solar PV deployment (Stock, 2021a). Notably, the Indian prime minister, in his 79" Independence
day address, charted a roadmap for a Viksit Bharat (‘Developed India’) by 2047 (PIB, 2025). However,
India’s current development trajectory with its high economic growth has been characterised by a
lack of decent employment opportunities and the persistence of sharp inequalities between caste-

based social groups, and between rural and urban areas (Kannan, 2022).

Through this thesis, | argue that India’s development trajectory, the subsequent push to deploy
large-scale solar PV, and the emerging socio-ecological consequences deserve a closer scrutiny,
especially at the frontlines of solar PV expansion. Towards this, the existing scholarship on India’s
solar PV expansion offers insights on the associated social, ecological, political, and onto-
epistemological challenges. A few case-studies of large-scale solar parks in India (Ghosh et al., 2023;
Stock, 2021b; Stock & Birkenholtz, 2019; Yenneti & Day, 2016), in the states of Andhra Pradesh,
Gujarat, and Karnataka reveal the differentiated impacts of solar PV by situating their analysis in the
socio-ecology of the affected villages. Whereas recent scholarly engagement with solar PV in
Jaisalmer (Shokrgozar et al., 2024, 2025; Shokrgozar & Sareen, 2025a, 2025b) has focussed largely on
solar PV’s impact on agropastoralist lifeways within the district and offers little insight into the

diverse village-level socio-ecological dynamics.

Taking note of this lack of a village-level case-study in Jaisalmer and building on the existing
scholarship elsewhere in India, | seek to offer a situated geographical perspective on the socio-
ecological realities of rural Jaisalmer undergoing major changes (Ghai, 2025; Santra et al., 2014). |
situate this thesis empirically within the context of India’s unequal development and rapid expansion
of large-scale solar PV in Jaisalmer, and theoretically at the intersection of energy geographies and
energy justice. Using a geographical perspective and a mixed-methods case study of three villages —
Dholiya, Keraliya, and Sanawara - | aim to examine how the socio-ecological landscapes of rural
Jaisalmer are undergoing transformation and analyse how the expansion of large-scale solar PV

intersects with the existing trajectories.



This thesis is guided by the following research questions:

RQ1: What are the ongoing socio-ecological and developmental transformations shaping rural
landscapes in Jaisalmer, including changes in livelihoods, land-use, local ecology, and social

dynamics?

RQ2: How does the expansion of large-scale solar PV intersect with and reconfigure these

transformations?

In what follows, | first provide a brief introduction to India’s evolving energy landscape and its
development trajectory, followed by a description of Jaisalmer and the expansion of solar PV in the
district. Next, | introduce the theoretical foundations of energy geographies and energy justice on
which | draw upon to conduct my analysis. Following this, | elaborate upon my critical realist
philosophy and the research methodology used for this study including a reflection on my
positionality as a researcher. | then analyse the changing socio-ecological landscapes of rural

Jaisalmer and discuss implications for India’s solar PV expansion and development trajectory.

2 Background

Having provided the context and the main aim of this thesis, | now review the existing literature and

provide a brief analysis of India’s energy transition and its development trajectory.
2.1 Transition or expansion? India’s energy mix and the rise of solar PV

Although this thesis is designed as a mixed-methods case study of large-scale solar PV roll-out in
Jaisalmer, it is important to situate it within the broader scalar context of India’s evolving energy
system. As a rapidly growing large economy, India’s primary energy supply increased by about 39%
between 2015-16 and 2024-25 (NITI Aayog, 2026). Over the same time period, installed renewable
energy capacity expanded drastically — growing by over 360% from 47 GW to about 220 GW (MNRE,
2026b). Despite this rapid expansion, fossil fuels — coal and oil — still dominate India’s energy mix,
consistently accounting for about 87% of the total primary energy supply. In contrast, the share of
renewables to the primary energy supply increased marginally from 1.1% in 2015-16 to about 2.5% in
2024-25 (Figure 1). This dynamic between the rapid growth of renewable energy and its marginal
share in the total energy mix highlights the challenges of India’s energy transition and contextualises

the push to deploy large-scale solar PV.
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Figure 1. Source-wise primary energy supply in India (2015-16 and 2024-25), in million tonnes of oil equivalent

(mtoe). Author’s visualisation based on data from NITI Aayog (2026)

This rapid expansion of renewable energy capacity, alongside its persistently low share in the total
energy mix, has led scholars to question whether this process constitutes an energy transition or
rather an energy expansion (Roy & Schaffartzik, 2021; York & Bell, 2019). Regardless of the
terminology, India increased its solar PV installed capacity by 42% in 2025-2026 by adding
approximately 44 GW of installed capacity in a year. However, it is important to look beyond these
quantitative figures and analyse the ways in which solar PV is being deployed across India. Even
though recent policy changes have incentivised and boosted the deployment of rooftop solar PV
(Pandey, 2025), as mentioned previously, there exists a scalar bias in India’s roll-out of solar PV
towards the large or utility-scale over decentralised modes of deployment (Sareen & Haarstad, 2021;
Thapar, 2022). Scholars have highlighted the superior socio-ecological outcomes of decentralised and
small-scale solar PV over the negative consequences of conventional large-scale projects (Tyagi et al.,
2022). It is this manner or scale of solar PV deployment, rather than the deployment itself, that is

problematised and comes under the scrutiny of this thesis.
2.2 What'’s the issue? The challenges associated with large-scale solar PV

Scholarly engagement with the expansion of large-scale solar PV in India has illuminated its various
socio-ecological impacts. A major focus of this literature has been to examine the justice dimensions
of such developments — concerned with (1) the distribution of benefits and burdens or the creation
of ‘winners’ and ‘losers’ among various social groups, and (2) the fairness of the procedures involved.
Although situated in diverse places (Ghosh et al., 2023; Shokrgozar et al., 2024, 2025; Shokrgozar &
Sareen, 2025b; Stock, 2021b, 2023; Stock & Birkenholtz, 2019, 2020; Yenneti et al., 2016; Yenneti &

Day, 2015, 2016), the studies reveal a clear pattern across these developments — that of (1) enclosure



and appropriation of common lands, officially termed as ‘wasteland’, (2) dispossession and further
marginalisation of communities such as agropastoralists, dependent on government-owned land, (3)
uneven distribution of benefits, reinforcing and entrenching existing gender and caste-based
inequalities, (4) inadequate access to basic facilities (electricity and water) and generation of
employment and local economic development opportunities in the affected villages, and (5)

emerging concerns for food and water security.

2.3 What facilitates this expansion? Policies reflecting India’s broader development

trajectory

These negative socio-ecological implications of large-scale solar PV projects are spearheaded by a
range of political-economic factors. Firstly, the central cause of land-conflicts is the misclassification
of vast tracts of land as a ‘wasteland’, discursively legitimising the appropriation of such land for
‘better’ purposes by epistemologically erasing the complex ground realities (Grover & Swami, 2024;
Shokrgozar & Girard, 2024). Secondly, solar PV is categorised as a ‘white’ industry by the central
Ministry of Environment, which exempts such power projects from mandatory Environmental and
Social Impact Assessments (Aggarwal, 2016). This absence of compulsory assessment severely limits
consultation with affected communities and undermines a systematic evaluation of the potential
consequences of these projects. Thirdly, to attract investors, the state acts as a land aggregator,
offering vast tracts of public land to private energy developers bypassing any legal provisions for
consultations and rehabilitation or resettlement entitlements for affected communities (Grover &
Swami, 2024). These policies of solar PV deployment are a reflection of the broader trend in India’s
development trajectory, where public policy promotes corporate interests over local concerns and

priorities (Girard et al., 2025; Kannan, 2024).
2.4 Jaisalmer: a geographical and historical context

For over more than a decade, the soil of Jaisalmer has witnessed the expansion of large-scale solar
PV and more recently, large-scale protests in opposition, demanding the protection of Orans (sacred
community forests) and common lands used for grazing against being diverted for energy projects
(Rathore, 2026). The district, comparable in size to Switzerland and inhabited by over 700,000 people
and over 2.4 million cows, goats, sheep, and camels (Pandey, 2026), is spanned by the Thar desert
and sits at the centre of India’s solar PV expansion. The well-suited climatic conditions — less than 400
mm average rainfall and 325 sunny days in a year — and vast stretches of sparsely populated land,
with over 68% of the total geographical area of the district classified as ‘wasteland’ (Khar &

lychettira, 2026), have been key factors in this expansion. For centuries, such conditions supported



agropastoralism — rearing livestock and practicing rainfed cultivation for subsistence, however this
has been changing — with a major shift being the introduction of the Indira Gandhi Nahar Pariyojana
(IGNP) or the IG canal from the 1970s in the northern parts of the district (Figure 2)(Ghai, 2025). The
Indira Gandhi canal, as one of India’s largest canal-irrigation projects, transferred water from the
Beas and Sutlej river system in Punjab into the Thar desert to provide for irrigation and drinking
water. This has been followed by an exponential increase in the number of tubewells and area under
irrigated agriculture in the region (Burark et al., 2026). Such developments have altered the socio-
ecology of the region with consequences for groundwater resources, local climate, and

agropastoralist livelihoods (Srivastava & Rathore, 1992).

Rajasthan

Jaisalmer

Il Dholiya, Keraliya,
and Sanawara

[ Pokaran city

[ Jaisalmer city

@ GNP main route

Figure 2. Map of Jaisalmer highlighting the main route of the Indira Gandhi Canal. Author’s visualisation.

It is with this context of Jaisalmer, situated at the intersections of India’s development trajectory and
the undergoing energy expansion, that | now lay the theoretical foundations useful for further

analysis.



3 Theory

3.1 Energy geographies

Energy systems are fundamentally spatial and have a well-established history of being an object of
geographic inquiry (Ptak et al., 2025). The field of energy geographies, broadly situated within the
discipline of human geography, seeks to examine the energy transition as a geographically-
constituted process (Bridge et al., 2013), and is primarily concerned with the socio-spatial dimensions
of energy resources across scales. Ptak et al. (2025) define energy geographies as “an integrative and
inclusive academic subdiscipline of geography utilizing a wide diversity of theoretical lenses and
methodologies to critically analyse, evaluate, and comprehensively investigate relationships coupling

energy and space.”

Being a fundamental consideration of energy geographers, ‘space’ is understood as a product of
social and natural interactions within which energy systems are embedded (Bridge, 2018). An energy
geographies perspective employs key geographic concepts of space, place, and scale and draws upon
other fields, such as political ecology, to develop an understanding of energy as a socio-spatial and
socio-technical phenomenon (Calvert, 2016). It lays emphasis on understanding the interactions

among technical systems, people, and social structures.

Understanding the expansion of solar PV as a geographically-constituted process would involve a
focus on the spatial and temporal dimensions and patterns of uneven development, scales of
deployment and the ‘landscapes’ where solar PV is deployed (Bridge et al., 2013; Ptak et al., 2025).
Landscape describes the “assemblage of natural and cultural features across a broad space and the
history of their production and interaction” (Bridge et al., 2013), and thus is a product of social and
natural processes. Geographers reveal the natural, social, and technical processes across scales that
shape a landscape over space and time and examine the energy expansion as a transformation of
landscapes (Bridge et al., 2013). Such analysis goes beyond analysing the ‘impacts’ of the energy
expansion on places and seeks to develop a geographical understanding of the various processes

simultaneously (re)shaping a landscape.

These perspectives offered by energy geographies are useful to analyse rural Jaisalmer as a socio-
ecological landscape at the forefront of solar PV expansion. Further, human geographers have also
engaged with issues of justice surrounding energy transitions (Baka & Vaishnava, 2020), with

increasing engagement of energy geographies with concerns for advancing equity and justice (Ptak et



al., 2025). Several studies in India offer rich insights on the uneven impacts of solar PV expansion
through a justice perspective (Ghosh et al., 2023; Stock, 2021b; Yenneti & Day, 2015, 2016). | now
turn to energy justice and argue for its relevance in analysing the social dynamics and differentiated

impacts of solar PV expansion in Jaisalmer.

3.2 Energy justice

The concept of energy justice is founded on the ideas of environmental and social justice (Day, 2020).
Environmental justice emerged as a movement in 1970s North America in response to the unequal
distribution of environmental ills (Williams, 1999). While environmental justice is primarily
concerned with the distribution of environmental hazards and access to natural resources (Jenkins,
2018), energy justice seeks to apply the derived justice principles to energy systems and policy
(Jenkins et al., 2016). Sovacool et al. (2017) define energy justice as “a global energy system that
fairly distributes both the benefits and burdens of energy services, and one that contributes to more

representative and inclusive energy decision-making.”

Implicit within the definition and inspired by the framework of environmental justice, the three core
tenets of energy justice are procedural justice, distributional justice, and recognitional justice
(Jenkins, 2018). Where distributional justice is concerned with the spatial and social distribution of
access to energy and costs and benefits of energy production (Day, 2021), procedural justice deals
with fairness in the procedures and implementation processes of policies (Yenneti & Day, 2015), and
recognitional justice draws attention to the needs of diverse groups and their treatment (Day, 2020).
Recent conceptualisations have also added other dimensions of justice such as cosmopolitan justice —
paying attention to the regional, national, and international perspective, and restorative justice —

concerned with the rectification of injustices caused by energy systems (Heffron, 2024).

As | primarily conceptualise the villages of this case-study as a socio-ecological landscape, and this
way proceed to reveal the inherent social dynamics, the notion of distributional justice comes across
as particularly relevant and informs the focus of my analysis. However, there are different
formulations of distributional justice that are important to consider. A prominent idea of social
justice put forward by Rawls (1971), is that of justice as fairness in the distribution of primary goods
(fundamental to well-being) and advantages. But such a formulation misses out, among other things,
on the possibility of different groups valuing goods and advantages differently. Another has been the
capabilities approach (Sen, 1999), which critiques the focus on primary goods and shifts attention to
the outcomes and on “what people are able to be and to do” (Yenneti & Day, 2016) — i.e., their

capabilities. Here, the set of capabilities to be considered for analysis — for instance, the ability to



engage in meaningful employment — vary and are defined by the context and purpose of the analysis.
Justice from this view would then involve a fair distribution of capabilities by expanding the freedom
of individuals and providing them with substantive opportunities to pursue lives they value. These
notions of distributional justice inform my analysis of solar PV expansion in terms of the distribution

of economic opportunities and the ability to pursue valued livelihoods.

However, these dominant conceptualisations of energy justice and its focus on the three core tenets
of distributional, procedural and recognitional justice have been criticised by scholars for, among
other things, subsuming marginalised perspectives into “existing disciplinary epistemes” (Gémez-
Barris, 2017, p.12). Tornel (2023) calls for a decolonial energy justice framework which goes beyond
the three tenets, questions the underlying developmentalist assumptions of these tenets, and aims
to develop a notion of justice based on a sense of place. While the nature, scope, and empirics of this
thesis do not allow for such a comprehensive decolonial lens, towards the end of my analysis
(Section 5.6), | offer an attempt to go beyond the analysis of distributions and seek to raise the
concerns of my interlocutors, which | argue hold particular relevance for rural ‘development’,

livelihoods, and futures.

4 Methodology

4.1 Critical realism: a philosophy of science

This thesis and the underlying research design is guided by a critical realist philosophy (Archer et al.,
1998). Ontologically, as a philosophy of science, critical realism conceptualises the existence of reality
into three realms — the actual, the real, and the empirical (Clark, 2008), where the actual domain
includes events that occur in the world, the real domain refers to underlying structures possessing
power to cause changes in the actual, and the empirical domain contains the human perspectives on
the world (the actual and the real). Therefore, a critical realist ontology believes in the existence of
an objective reality along with the subjective interpretation of that reality (Clark, 2008). Importantly,
even though | situate this thesis within energy geographies, data collection and initial analysis were
conducted without a disciplinary predisposition — attempting to understand reality as it exists and
embracing complexity, keeping in line with the critical realist argument for post-disciplinary research
(Clark, 2008). Epistemologically, the analysis | present does not determine reality but rather attempts

to offer an account of it.



4.2 Research design: a mixed-methods case study

In order to offer a geographical perspective of villages at the forefront of solar PV expansion, |
designed this thesis as a mixed-methods case study of three villages in Jaisalmer district. A mixed-
methods approach involved the use of qualitative data in the form of interviews and quantitative
data in the form of official village statistics and maps, thus allowing me to explore the complexities of
a social phenomenon from a critical realist perspective. Whereas a case study involves a detailed and
intensive analysis of a single case (Bryman, 2012), thus also holding the potential to offer rich and
deep explanations. The theoretical approach adopted was primarily inductive, using the literature
and a narrative literature review of large-scale solar PV scholarship in India (Bryman, 2012), to

motivate the research aim, but using empirical findings to generate generalisable inferences.
4.3 Case selection and background: Dholiya, Keraliya, and Sanawara

As this case study is concerned with a representative or typical case of solar PV expansion in rural
Jaisalmer, the selection of 3 villages — Dholiya, Keraliya, and Sanawara — out of the around 800
villages in Jaisalmer district was done based on a combination of purpose and convenience. A
necessary condition was the existence of a large-scale solar park in the village or its vicinity. Further,
since recent scholarship engaged majorly with agropastoralist perspectives (Shokrgozar & Sareen,
2025b), to include the perspectives of farmers, | also considered the presence of irrigated agriculture
in the village. | then contacted researchers knowledgeable of the context and with extensive
experience of conducting fieldwork in Jaisalmer and sought their assistance in choosing a case. The
final decision to conduct an analysis of Dholiya, Keraliya, and Sanawara was based on local contacts

and practical considerations such as the feasibility of conducting fieldwork.

The villages of Dholiya, Keraliya, and Sanawara are located in the Pokaran sub-district of Jaisalmer,
about 60 kms from the city of Jaisalmer and 40 kms from the city of Pokaran. While there are no
large-scale solar PV installations in Dholiya, the village is crossed by two high-voltage transmission
lines (Figure 3), meant for evacuating the electricity produced through renewable energy plants from
the district. Keraliya and Sanawara, however, host two large-scale solar PV plants —a 300 MW solar
PV project operated by Adani Green Energy in Keraliya and a 1200 MW solar PV project operated by
ACME, spread over 4400 acres. Further, the practice of tubewell-irrigated agriculture — pumping
groundwater to irrigate the fields — was present in all the three villages, which made them suitable

for this study.
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Figure 3. Map of the case-study area. Author’s visualisation.

Demographic information on the village, available via the 2011 census, is provide in Table 1. Although
caste-based discrimination was illegalised in 1950, the Indian social hierarchy structure or the caste
system still plays an important role in shaping the lives of rural communities in contemporary India
(Deshpande, 2021). These castes are categorised into four major categories — General (Gen),
Scheduled Caste (SC), Scheduled Tribe (ST), and Other Backward Class (OBC), with General including
the historically privileged castes, and SC and ST involving the most deprivileged communities. In
terms of caste, Sanawara and Keraliya are home to multiple caste groups including Rajput (Gen),
Meghwal (SC), Muslim (OBC), and Jat (OBC). Whereas the entire population of Dholiya, with a few
exceptions, belong to the Bishnoi community (OBC), whose religious belief have informed their

environmental activism for centuries (Bikku, 2025).
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Table 1. Demographic data for Dholiya, Keraliya, and Sanawara. (Census2011, n.d. -a,b,c).

Village No. of Population Literacy Literacy SC ST
g households P (Male) (Female) population population
Dholiya 419 2463 90% 53% 0.00 0.00
Keraliya 168 1175 60% 28% 0.4% 4.5%
Sanawara 304 1947 68% 20% 26.7% 0.9%

4.4 Data collection and analysis: interviews, statistics, and maps

| conducted fieldwork in Jaisalmer district in the months of January and February 2026. In an attempt
to understand the complex realities of the villages, | relied on multiple data collection methods
primarily involving semi-structured interviews and informal conversations, complemented with in-
field observations and official village statistics. 18 semi-structured interviews were conducted in
February 2026 (see Section 8.1). Of the 18 interviews, 9 were digitally-recorded and transcribed
manually, while | relied on taking post-interview notes for the other 9. The reasons for not recording
some interviews digitally, varied — with some conversations being conducted in an informal setting,
for instance, at a medical clinic with the interlocutor being administered an injection (#12), or while
travelling between villages on a scooter (#18). Interview participants were recruited through
convenience sampling — engaging with villagers sitting in the main village square, outside shops and
shopkeepers, and purposive sampling — interviewing local politicians, farmers, employed youngsters

and security guards at solar PV power plants through contacts developed while in the field.

An interview guide (see Section 8.3) was developed and used to explore different themes relevant
for the research questions, including livelihoods, local ecology, generational, and social dynamics. To
avoid privileging the changes due to solar PV infrastructure, | designed the interviews without any
guestion on solar PV and only followed up on solar PV if mentioned by the participant, which was
mentioned in all the interviews. The interviews were conducted in Hindi and Marwari, and the
duration of the interviews varied from about 19 minutes to over 85 minutes. The participants’ age
ranged from 18 to 64 years. As | stayed in Dholiya during my fieldwork, most interviews (n=12) were
conducted in Dholiya, whereas 2 individual and 1 group interview involving 6 participants were
conducted in Sanawara, and 3 interviews were conducted in Keraliya, where | instead relied more on
informal conversations (n=5) to contextualise the interview data and triangulate emerging findings.

Almost all (n=17) participants were male, as getting access to female participants was relatively less
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feasible within the social contexts of the villages. However, | tried to involve female perspectives
through some informal conversations with women in Dholiya. | relied on my field notes to record

insights derived from informal conversations and observations made in the field.

Informed verbal consent was obtained from all the interviewed research participants, instead of a
written consent, prior to conducting the interviews — as | perceived this to be more culturally
appropriate and suitable to the social contexts of the villages (Anderson & Corneli, A., 2018). To
complement my analysis with official village statistics, | requested relevant documents via an
application submitted to the State Public Information Officer (SPIO) — the Tehsildar of Pokaran tehsil
(sub-district) and was able to access data on crop production statistics and land ownership records of
the villages (see Section 8.2). Using this data, | analysed and generated insights on the land —
classification, ownership, and use across the villages. In addition, to build a spatial understanding of
the villages and the expansion of solar PV, | also gathered cartographic data to create maps (Figures 2

and 3) using QGIS (4.0.1).

| then analysed the interview transcripts and my field notes using a reflexive thematic analysis
assisted by NVivo (Release 15.4.0). A reflexive thematic analysis, suitable for a critical realist
perspective, involves identifying and analysing patterns in the recorded data (Braun & Clarke, 2021).
Such an analysis is an inherently reflexive process and thus involves the researcher’s subjectivity. The
identification of themes was based partly on the themes deployed in the interview guide but also

included themes emergent from the data.
4.5 Ethical considerations and Positionality

Since solar PV developments involve considerable financial, political, and social consequences for the
villagers, it was important for me to handle the recorded data keeping ethical considerations in mind.
| anonymised all interview transcripts and manual notes and ensured the confidentiality of the data
used for this study. In the context of engaging with my interlocutors in rural India, there are multiple
layers to one’s identity that demand reflection. | believe my positionality as a Jain (upper-caste), well-
educated, city-dweller, male, played an important role in shaping my interactions with the villagers
and how | was perceived. On multiple occasions, | was asked about my caste and was introduced
with my full name, which seemed to have relevance for my interlocutors. The villages | visited did not
seem to have any Jain residents, which, | believe also allowed me to engage with multiple caste
groups and discuss caste-related subjects without inhibitions. It is rather difficult to understand the
full scale of the underlying structures that privileged me to have such interactions with the villagers

and access the quantitative data within such a short time span. While unable as | am to avoid such
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influences, | made a conscious effort to be reflective of my positionality and attempted to

understand the various privileges that made this study possible.

5 Results and Discussion

| now present my analysis by integrating the fieldwork findings and village-level statistical data with
the theoretical perspectives of energy geographies and energy justice. | first describe the major
livelihoods practised in the villages, followed by the associated land classification and land-use, and
caste-wise land ownership. These sections are then brought into conversation with the local
ecological changes to reveal the ongoing transformation of this landscape. | then analyse how large-
scale solar PV intersects with these already transforming landscapes, producing distributional
injustices and contestations over its claims to sustainability. Following this, | draw on a decolonial
critique of energy justice and analyse how these intersections raise broader questions about rural

development.

5.1 Livelihoods: What is done?

Three livelihood practices are the most common across the three villages — (1) Livestock Rearing
(pashupaalan) — raising and managing domesticated animals, (2) Rainfed agriculture (barani) —
cultivating crops during the rainy season (kharif), and (3) Irrigated agriculture — cultivating crops
twice a year (kharif and rabi) with water sourced from tubewells. These practices, however, vary in
nature and magnitude across the villages. In Dholiya, each Bishnoi household was said to have at
least 15 to 20 cattle. Whereas, in Keraliya and Sanawara, the animals reared include sheep, goats,
cattle, and camels. Rainfed agriculture involves the cultivation of Bajra (Pearl millet), Gwar (Cluster
bean), and Moong (Green gram) as the major crops (Table 2) across the villages. In irrigated
agriculture, the major Rabi crops include — Jeera (Cumin), Raida (Rapeseed-mustard), Sarso

(Mustard), and Isabgol (Psyllium), while Groundnut is cultivated as the major Kharif crop (Table 2).
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Table 2. Major crops cultivated in Dholiya, Keraliya, and Sanawara. (Data source - see section 8.2; data for

Keraliya kharif cultivation not available)

Dholiya Sanawara Keraliya
Land Land Land
Season Crop area (%) area (%) area (%)
Jeera (Cumin) 361 6.4 560 6.5 419 11.6
Raida (Rapeseed-
Rabi mustard) 172 3.1 - - 770 214
(Winter)
Sarso (Mustard) 141 25 - - 112 3.1
a0 Isabgol (Psyllium) 111 2.0 54 0.6 98 2.7
All 927 16.5 615 7.2 1473 40.9
Kharif Groundnut 819 146 - -
(Monsoon)
Bajra (Pearl millet) 101 1.8 51 0.6
All 1110 19.7 158 1.8
Bajra (Pearl millet) 221 3.9 1290 15.1
©
% Gwar (Cluster
= Kharif bean) 313 5.6 1201 14.0
z (Monsoon)  njoong (Green
S gram) 311 5.5 56 0.7
Groundnut 331 59 -
All 1190 21.1 2593 30.3
Note. Land area in hectares; (%) = % of total village land area

Irrigated agriculture, using pumped groundwater through tubewells, is a relatively recent livelihood
practice in the villages and according to my interlocutors, is pursued by a minority of land-owning
households. In terms of output and value, villagers emphasised the near equal importance of
livestock rearing and rainfed agriculture for households not engaged in irrigated agriculture. The
produce from rainfed agriculture, mainly bajra, is used for subsistence and as fodder for the livestock
and thus consumed within the household. Similarly, milk and derived products from livestock rearing
in all the three villages are also used primarily to meet household needs, with milk products being an
integral part of the local cuisine, while wool and reared animals are traded by herders in Keraliya and

Sanawara. However, milk is also supplied, after extracting the cream, to a cooperative dairy and a
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private dairy within the village in Dholiya. The milk through the cooperative dairy is then supplied to
the city of Pokaran for further processing, while it is processed into khoya (reduced milk solids)

through the privately-owned dairy which is then supplied to multiple places.

Pashupaalan is part of our daily routine, what we do is feed fodder to the animals, take
care of them, and then sell the milk. In that sense, it is really a form of service and care
towards the animals. We extract ghee and store it, and [...] selling it [...] becomes a kind
of personal income for us. The money earned from selling milk mostly just goes back into
feeding the animals — buying fodder for them. Beyond that, there is not much additional

profit. (#03, Dholiya)

Here, one cow gives around 4-5 kgs of milk. If it gets good fodder, care, comfort, and
affection, it gives milk easily, without much expense. Feeding them properly is simply
something that has to be done. It is not a system where you just feed them in order to

extract as much as possible from them. (#03, Dholiya)

These words from an interlocutor in Dholiya precisely represent the notion of seva (service)
embedded in the practice of pashupaalan (Hindi for livestock rearing; ‘pashu’ — animal, ‘paalan’ —
nurturing and care), which the villagers see as a way of living and of being in service rather than just
as a source of income. While such notions emerged in my engagements across the three villages,
they were particularly pronounced among Bishnoi interlocutors, whose religious and cultural values

emphasise compassion towards all beings:

Our sentiments and way of life will always remain connected to nature. As long as we
live, our God, Guru Jambheshwar, has taught us this alone: ‘Jeev daya palani, rukh leela
nahi ghave’ — show compassion towards all living beings and do not harm green trees.
Have compassion for every living being, whether small or big. Do not cause suffering to

them; keep cows and live peacefully. (#01, Dholiya)

As is evident, the three major livelihood practices in the villages depend on and are closely connected
to the availability and access to land, which is in direct competition with the expansion of solar PV in
Keraliya and Sanawara, thus making it necessary to develop a spatial understanding of the land, to

which | now turn.
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5.2 Land — classification and use: Where is it done?

The majority of the land area in the three villages is owned by private individuals (locally known as
khatedari land) — approximately 89% in Dholiya, 71% in Keraliya, and 90% in Sanawara (Table 3).
Other important land classifications include Orans (Figure 4) and Pastures, which form a significant
chunk in Keraliya (~11.3% Oran and 10% pastureland), but less so in Dholiya (~4% pastureland) and

Sanawara (7% Oran).

Table 3. Land classification in Dholiya, Keraliya, and Sanawara. (Data source - see Section 8.2).

Dholiya Keraliya Sanawara
Land Land Land

an (%) an (%) an (%)
area area area

5628 100 3605 100 8552 100 Total
Land category

Private 5022 89.2 2545 70.6 7650 89.4
Oran - - 408 11.3 603 7.0
Commons
Pasture 231 4.1 358 9.9 - -
Solar PV

- 30 0.8 216 2.3
(non-lease)
Other

Miscellaneous 375 6.7 266 7.4 84 1.3

Note. Land area in hectares; (%) = % of total village land area
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Figure 4. A constructed kund (pond) for wild animals and birds in Bhadriya Oran, North of Dholiya. Photo
captured by the author, February 13, 2026.

There is practically no government-owned land here. Almost all of it is privately-owned
khatedari land. [...] Cultivation takes place on around 50% of the privately-owned land,
while the remaining 50% just lies as it is. Because nothing can really be sown there, and
animals graze on it. There isn’t enough rainfall here, and without rainfall how can crops
even grow? Crops grow during the rainy season and after that the land remains empty.
Although now, with irrigation, some cultivation of jeera and other crops has started
happening here and there for around four months, but afterwards the land again

remains lying vacant. (#04, Sanawara)

As pointed out by this farmer, the land in the villages is used in multiple ways throughout the year,
supporting the three major livelihoods. Land used for agriculture varies significantly across the
villages and between seasons, reflecting unequal access to irrigation and the ecological constraints of
farming in an arid region. Based on the crop production statistics of the Rabi season, of the total land
area of the village, Keraliya has the highest share of tubewell-irrigated land (~41%), followed by
Dholiya (16.5%) and Sanawara (7.2%) (Table 2). While during the Kharif season, much more land is
cultivated in Dholiya (~41%) — about half of which is irrigated, and Sanawara (~32%) — mostly non-

irrigated (~30%).
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Considering the amount of land used for agriculture, it is evident that a sizeable chunk of privately-
owned land is left uncultivated during the entire year and much more during the dry Rabi season.
This uncultivated land, in addition to the land classified as pastures and Orans, however, is used for
grazing livestock and is thus important for the sustenance of the animal population. It is also
important to note that the village livestock are not limited to using the land within the village and
also graze on Orans and pasturelands in neighbouring villages, for instance, almost all cattle in

Dholiya graze in the Bhadriya Oran, situated to the North of the village.

It is with these land-based livelihoods and land-uses that the spatial expansion of solar PV intersects,
and thus the ownership and access to land becomes of great consequence for the villagers, as

highlighted by an interlocutor:

The land - whether it belongs to the Thakur, or SC, or OBC - if you have land, even if you
are ST and have 500 bigha land [(1 bigha equals 0.16 hectares)], if your ancestors or
elders retained land for you, then you will benefit. [...] It is the landless people who are

suffering. (#09, Sanawara)

It therefore becomes crucial to understand the differences in the ownership of land in the villages,
which according to my interlocutors — seems to be based on the caste-identity, with different caste

groups having different shares.
5.3 Land — ownership and caste-dynamics: Who does it?

The land belonging to the Rajputs here — the Thakurs of this village — is all located on this
side, and that entire area has water. Our land lies on the other side, where there is no

water. In three directions, there is no water at all. (#05, Keraliya, OBC)

In Keraliya, you should have met a Muslim, they don’t have land. The Rajputs never
officially registered land in their names. And among the Meghwals too, people do not
own more than 10, 20 or 50 bighas of land, while in the same village, the same Rajput
family possesses thousands of bighas. The original OBC, SC, and ST communities in areas

dominated by Rajputs simply do not have land. (#07, Dholiya, OBC)

These comments reflect upon the historical and contemporary caste-based inequalities in land
ownership and access to irrigation. Based on crop production statistics — focussing on the dry Rabi

season and land ownership records of the villages, | analyse and reveal the caste-based ownership of
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land and access to irrigation, especially since irrigated agriculture, although practiced by a minority of

the population according to my interlocutors, is a significant source of income in the region.

In Dholiya, where the population is predominantly Bishnoi and solar PV is absent, caste-based
variation in land ownership is less pronounced within the village, as land ownership rests largely with

the Bishnois (who own about 82% of the village land, and about 85% of the irrigated land).

However, this sits in contrast to the other villages which have many more caste groups. In Keraliya,
the Rajputs possess the largest share (52%) of the village land, followed by the Muslims (~7%) and
the Jats (3.6%). Whereas Sanawara has a much more diverse land ownership regime with Rajputs
(32.6%), Meghwals (13.5%), Jats (11%), and Muslims (10.4%) being the largest land-owning caste

groups (Figure 5).

4.2 3.1
Dholiya 81.9
3.6 Rajput
7.7 7.2 '
Muslim
Keraliya 52.1 Jat
Bishnoi
10.4 11 6 135 6.3 9.6 Meghwal
Suthar
Sanawara 32.6
Other castes
0 20 40 60 80 100
Land ownership (% of total village land area)

Figure 5. Caste-wise land ownership in Dholiya, Keraliya, and Sanawara. (Data source — see Section 8.2)

Based on the crops cultivated using irrigation in a Rabi season, the Rajputs in Keraliya possess the
majority of the irrigated land (~69% of the total irrigated area in the village), followed by Jats (~7%)
and Muslims (4.7%). In comparison with the total amount of land owned by these communities, the
Jats have a disproportionately large area of irrigated land (~82%), while the Muslims seem to have

relatively less access to irrigation with just 32% of the total land-owned being irrigated (Table 4).

20



In Sanawara, however, while Rajputs still dominate in terms of irrigated land (~52%), the share across
caste groups relative to each group’s total land ownership, remains fairly comparable (about 9 to

11%) with the exception of Muslims irrigating just 5% of their total land -owned (Table 4).

Table 4. Caste-wise land ownership and area under irrigation during a Rabi season in Sanawara and Keraliya.

(Data source - see Section 8.2)

Sanawara Keraliya

Land Area o Land Area o

area irrigated (%) area irrigated (%)
Caste
Rajput 2792 321 11.5 1877 1023 54.5
Meghwal 1151 106 9.2 | - - -
Jat 942 30 3.2 129 106 82.2
Muslim 889 45 5.1 279 90 323

All 7650 615 8.0 2545 1473 57.9

Note. Land area and area irrigated in hectares; (%) = % of land area under irrigation
during a Rabi season

While these figures offer insights into the contemporary socio-economic distribution of resources
amongst the villagers, they are also shaped by the legacy of a long history of Jaisalmer as a former

kingdom and a princely state ruled by Rajput kings for centuries.

With this analytical understanding of the place and the socio-ecological landscape of these villages, |

now move to reveal the transformations underway.
5.4 A landscape undergoing transformation: connections to the local ecology

Implicit within the above presented account, is a landscape already undergoing transformation, most

notably with the presence of tubewell-irrigated agriculture.

You see, earlier there were just shrubs in this area and some scattered trees. We cleared
the shrubs but kept the trees in our land and also the neighbours’ land, as it usually is a
hiding place for the wild pigs [(the Indian boar)], which could enter our field from the
neighbouring shrubland. We then put up an electric fence, although it still needs to be
completed. And then laid a pipeline to bring the water from our tubewell on the other
farm about 1-1.5 kilometres away and store it in this diggi [(an artificial pond, Figure 6)]

to be used for irrigation. (#17, Dholiya)
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These words from a youngster showing me around his family’s newly ‘constructed’ farm, intricately
describe the various socio-ecological underpinnings of irrigated agriculture. While the landscape of
Jaisalmer has supported agropastoral livelihoods and livestock rearing for centuries, the fairly recent
introduction of electrically-powered tubewells (Figure 7) to extract groundwater used for irrigation —
although an important source of income for certain households, has generated significant socio-

ecological consequences.

Figure 6. A diggi (artificial water-storage pond) in an irrigated farm in Dholiya. Photo captured by the author,
February 13, 2026.

On the surface, this involves clearing grasslands and shrublands and electrically fencing-off the area,
which transforms multifunctional landscapes into a monocultural agriculture space, thus disrupting
local wildlife habitats. Below the surface, it involves the extraction of groundwater from confined
aquifers (in Dholiya and Keraliya) and unconfined aquifers (in Sanawara), creating a growing

dependence on groundwater reserves already considered over-exploited in the region (Khan, 2024).

In addition, farmers in Sanawara and Keraliya mentioned the need to use increasing amounts of
artificial fertilisers, pesticides, and insecticides (or “poison” (#01, #16, Dholiya)) required to ripen the
crops, which they associated with milder winters and a shortened growing season, as a farmer

describes:
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The crop that is being ripened in three months is ripening properly only because of
chemicals — it is not ripening naturally on its own. [...] The use of chemicals has increased
a lot, and different kinds of medicines are coming now. For example, suppose | sow jeera
[(cumin)] today. So many medicines have started coming that the growth which would
normally happen in one month can now happen in five days. [...] The winters are not
coming properly; the cold does not last for the full duration [..] we need to apply

medicines to make it grow. (#04, Sanawara)
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Figure 7. A solar pump installed on an irrigated farm in Sanawara. While no solar pumps operate on farms in
Dholiya and Keraliya, 11.8% of the total irrigated area in Sanawara is powered by solar pumps (Data source —

see Section 8.2). Photo captured by the author, February 12, 2026.

While some farmers (like #17) are expanding their irrigated area, others point to a different theme
that emerged in my interactions with farmers in Dholiya and Sanawara - which the following

perspective elaborates upon — that of failing tubewells and declining groundwater levels —

Just 5% of the entire population has tubewells. There are around 550 households in the
village, and only about 50 households have tubewells. And even among those 50
households, around 30 have now run out of water. The water did not last — for many of

them it only continued for about five years. [...] Some borewells have become weak,
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some pumps now draw only a trickle of water, and some people have stopped operating

them altogether. (#07, Dholiya)

Socially, however, this presence and expansion of tubewell-irrigated area also has consequences for

the other land-based livelihoods including livestock rearing, as an interlocutor reflects -

There are not that many animals anymore. People have reduced the number of livestock
compared to earlier. Because with the arrival of solar, the available space has decreased,
and even privately-owned land is increasingly being taken up for irrigated agriculture.

Where then are we supposed to keep the animals? (#04, Sanawara, Farmer)

The land which was previously unfenced and used freely for grazing by the village livestock, now
became partially inaccessible to them (Figure 8). Partially — because the livestock herders, as a
consequence of increasing enclosures and other factors which | come to next, now have to buy
fodder for 4 months (Dholiya) to 8 months (Keraliya and Sanawara) outside the rainy season to
sustain their herds. This demand for fodder is met, among other places, from the byproducts of
tubewell-irrigated farms, although for a monetary price now. Herders in Dholiya (#14, #18) also
raised concern about the spraying of chemicals on irrigated farms which is leading to a decline in
‘purity’ of the procured fodder and subsequently also the milk produced, something which they used

to take pride in.
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Figure 8. Goats walking past an area fenced for irrigated agriculture. Photo captured by the author, February

10, 2026.

Right now, there’s nothing — no roi, nothing. Everything has been cleared. The grasses
have dried up; the land has become empty. There are no grasses left anymore. Earlier
there used to be benthiyan and sevan grass [(Lasiurus sindicus)], now even their seeds
are no longer found; they have disappeared. Earlier, benthiyan, sevan grass, and buth
used to remain throughout the twelve months of the year. Now they are no longer there

—now only vekariya remains. (#01, Dholiya)

This highlights the other factor for increasing reliance on purchased fodder — the decline of native
grass species essential for the sustenance of their herds, revealed in my interactions with households

rearing livestock across the three villages.

Further linked to livestock rearing is the practice of rainfed agriculture. Since all the households
cultivating rainfed crops are said to have a herd of at least a few animals, the manure so produced
throughout the year is collected, stored, and used to fertilise the soil for agriculture. Thus, having
livestock also aids the cultivation of rainfed crops, which, as evident across my interactions, still relies
entirely on organically fertilising the land (or in local terms is ‘desi’ or pure) - a practice my

interlocutors also took particular pride in.
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No, there hasn’t been any change in that. It is just that compared to earlier, the
cultivation has reduced because rainfall has decreased, it is happening at a different
time. [...] During the period when crops actually need rainfall, there is no rain. It comes

afterwards. [...] Because of this, cultivation has reduced. (#07, Dholiya)

While the above comment was the most common across my interactions, | received mixed responses
on the changes in rainfed agriculture, where some interlocutors acknowledged the subsistence
nature of the activity and thus as something difficult to keep track of (#04), some reported no
changes (#05, #09), and others reported a decline in production due to an increase in temperature

and changes in rainfall pattern (#01, #04, #07).

5.5 Intersecting the agrarian landscape: solar PV, distributional injustice, and

contested sustainability

In the previous sections, | established that the socio-ecological landscapes of the three villages are
shaped by interlinked land-based livelihoods, caste-differentiated land ownership, expanding
enclosures, and ecological constraints. The expansion of large-scale solar PV intersects with these
already transforming landscapes and further reconfigures their socio-ecological relations, which |

now analyse.

My animals are dying of hunger. Since the company came, it has only caused us loss. If
any animal goes there, it gets electrocuted. They have put up wires and fencing.
Whether it is a calf, cow, goat, sheep, or bull - if it goes there, it gets an electric shock.

(#06, Keraliya, Muslim)

All the benefits are going to them [(Rajputs)] only. The land is theirs; the lease payment
for the land comes to them. And if solar panels have been installed on their land, then
the labour work, waste removal, grass-cutting, module cleaning — whatever work the
company gives — it gives to them, not to others. If | had land, | could go. Without land,

how can | go? (#06, Keraliya, Muslim)

These remarks from a Muslim livestock herder foreground two central issues in the expansion of
solar PV in Keraliya and Sanawara — (1) the enclosure of grazing landscapes and (2) the concentration

of benefits among landowning households.

The majority of land used for solar PV projects in Keraliya and Sanawara is leased from individual

landowners for a period of 29 years, set up through contracts between the developer and the
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landowners. According to my interlocutors, the lease rate is 10,000 per bigha with a 5% increment
every three years. For landowners whose land falls within the project areas, solar PV, as an economic
opportunity, creates a stable income stream through land leasing. The land provided to companies
this way is said to have either been lying vacant or been used for rainfed cultivation previously.
Moreover, most households leasing land were said to retain other parcels elsewhere in the village,

allowing them to benefit from lease payments while still maintaining access to land.

My interlocutors in Dholiya also expressed their interest and previous attempts to capitalise on this
opportunity to gain a source of income by leasing land to solar developers. However, since (1) the
Bishnoi community is known for their opposition to cut trees, especially the sacred khejri, (2) the
entire village is a part of the Great Indian Bustard (GIB) priority area (Figure 3), and (3) Dholiya is
proximate to the field firing range of the Indian military, “the solar companies are hesitant to enter

this area, they are afraid to come here.” (#07, Dholiya).

In addition to the lease payments provided in exchange for the land, solar projects also promise the
generation of local economic opportunities including work in grass-cutting, module cleaning,
security, transport, accommodation, and medium-skilled roles such as technicians. However, these
opportunities are distributed unevenly across social groups and space. For instance, although the
ACME plant is located in Sanawara, many staff members reside in Pokaran, over 40 km away, and
travel to the plant daily. This shifts potential accommodation-related opportunities away from
Sanawara while creating some demand for transport services. In contrast, staff members of the

Adani solar plant in Keraliya reside in a staff camp in Sankra, around 25 km from the village.

Some villagers in Dholiya, Keraliya, and Sanawara with diplomas are also employed as technicians;
my interlocutors claimed that around 30% of the approximately 150 employees at the ACME plant
are locals (#18). Other forms of work, such as grass-cutting, module cleaning, security services, and
supplying heavy vehicles, are organised through contracts. However, in Keraliya and Sanawara such
contracts are claimed to be controlled largely by Rajput contractors — who have the financial means
and political power to capture these emerging opportunities. Grass-cutting contracts involve more
workers during the rainy season, while in Sanawara, modules are fitted with automatic cleaning
robots, limiting opportunities for module cleaning work. To indicate the scale of employment
generated, the 1200 MW ACME solar plant, spread over 4,400 acres, employs around 200-240
security guards and has a staff of about 150 (#18), alongside seasonal and contractual work such as

grass-cutting and maintenance.
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However, as the quotes above suggest, access to these economic opportunities, is mediated
primarily through land ownership and local political power. Landless households, including livestock
herders, are largely excluded not only from lease payments but also from many of the ancillary

employment opportunities associated with solar projects.

And if someone has ancestral land — 600 bighas, 1000 bighas — what difficulty do they
have? They receive lakhs and crores of rupees; the company is paying them. The Thakurs
[(Rajputs)] get 5-10 lakh rupees every 6 months. They bought cars and put those cars to
work for the companies, bought bikes and put those bikes too, and they bought tanker-

tractors and put those to work for the company as well. (#06, Keraliya, Muslim)

Whatever benefits there are, perhaps two or three families are receiving them; the rest
are just sitting idle. For example, the company operating the 1200 MW project in
Sanawara — only four households are getting labour work from it. The rest have nothing

to do with it; there is no exchange, no benefit for them. (#04, Sanawara, Rajput)

As these accounts suggest, solar PV can enable further accumulation among large landowners,
reproducing inequalities even within caste-groups. In Keraliya and Sanawara, large landowners
(mainly Rajputs) gain dual benefits through lease payments and investments in vehicles, tanker-
tractors, and other assets that can be contracted back to the solar companies. For landless
households, by contrast, this expansion offers few opportunities beyond access to work as security

guards or labourers within contractor-controlled arrangements.

This exclusion is compounded by the enclosure of land — even though privately-owned — previously
accessible by livestock herders for most parts of the year. Since the land was either lying vacant or
being cultivated during the rainy season, as described in previous sections, it was still used by the
herders as grazing grounds for their livestock. Once leased, however, this land is fenced and
converted into a single-use energy landscape, restricting access to grazing grounds and thus

deepening the precariousness of livestock herders and livestock-dependent households.

Villagers also strongly highlighted their concerns about local ecological changes which they
associated with solar PV expansion. The felling of trees and clearing of land for solar panels was
described by all interlocutors as a serious issue for a region where tree cover is already sparse. Across
interviews, interlocutors mentioned a significant rise in local temperatures and associated this with
the expansion of solar PV. While | did not analyse temperature changes, such perceptions resonate
with studies elsewhere that have identified a heat island effect around solar PV installations (Barron-

Gafford et al., 2016).

28



Several interlocutors claimed an increase in cases of skin diseases in the villages and connected that
to the perceived rise in temperatures. None of my interlocutors described solar projects as
environmentally ‘sustainable’. Some instead went further to describe this as “the biggest pollution
which will kill humans” (#03), while making an argument about the uncertain disposal and recycling
of the panels after their operational life. The interlocutor, although from Dholiya but talking about
the expansion of solar PV in the region, shared his feeling of injustice and put this idea of

development into question:

The development you are doing is not for us. Here, we do not even get electricity
properly — we get electricity for only two to four hours, while the rest goes to you, to
people in the cities. We do not get anything. This is our destruction, your development.
You city people should install big oxygen tanks on top of your houses, otherwise you will
die down there. We will somehow continue living here, even in this temperature, but you

will die. This is destruction, not development. (#03, Dholiya)
5.6 Solar-led rural development? Livelihood concerns, state neglect, and aspirations

As argued earlier in this thesis, large-scale solar PV expansion is legitimised through narratives of
rural development and generation of economic opportunities. Having examined the existing
livelihoods and the uneven economic opportunities produced through solar PV, | now build on the
decolonial critique of energy justice and turn to reveal the broader developmental concerns and
aspirations raised by villagers. | argue that these concerns are important for foregrounding

marginalised perspectives and imagining alternative rural futures.

No, there is no dairy here either. What can we do? The dairy person does not come. And
if someone does come, they offer 10 for one kg of milk. [...] We used to [sell], for 4 -5
years, but only got around X12-13 per kg. Even the cost of feed does not come out of
that. [...] With goats and sheep, if there is a male goat, it gets sold. [...] one gives around
%8,000-10,000 in a year, that is all. With sheep, we shear the wool, but what is there in
wool? It fetches only around X25-30 per kg. The shearing itself costs %30, and after
selling it, you get only about %30 per kg. There is no earning in wool. The lamb is sold —

that is where there is some income. (#05, Keraliya)

This account, representative of several of my interactions with villagers, points to the failing
economics of livestock rearing in these villages. While villagers in Dholiya have access to a

cooperative and a private dairy within the village, interlocutors in Sanawara and Keraliya expressed
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resentment over the lack of support for livestock rearing. They described the absence of basic
facilities such as access to tap water, reliable electricity, medical facilities, and veterinary services —

crucial for their livelihoods.

Villagers also described practices of corruption within the local and regional government bodies (#04,
#06, #07, #09, #14). These concerns led several of my interlocutors to remark on the absence of the
state in the provision of basic services and their increasing reliance on private actors (Figure 9) and
costly monetary transactions to procure water, fodder, and veterinary care. As reflected strongly in

these comments —

No one used to come to this village before solar, now this plant has put Keraliya on the
map. The company provides for and takes care of everything; the government does not

do anything. (#12, Keraliya)

As traditional livelihoods become less economically and ecologically viable, villagers also expressed a
desire for decent employment opportunities beyond agriculture and livestock rearing (#01, #03, #04,

#05, #06, #12, #14, #18).
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Figure 9. Cattle gathered around a pond supplied by tubewell water in Dholiya (left). A ‘company road’ (right)

near the solar PV plant in Sanawara, built to provide access to the project site (company) and used by villagers
as the only available route for part of the journey between Dholiya and Sanawara. Photos captured by the

author, February 5, 2026 (left) and February 12, 2026 (right).

Reflecting on these concerns, my interlocutors shared several of their demands and aspirations,
some of which | present now. Firstly, responding elaborately to the decreasing economic viability of
livestock rearing, herders demanded support for their livelihoods in the form of access to timely and
affordable veterinary care for their animals and the adequate provision of fodder. Others mentioned
the need for better market prices and useful information on beneficial practices for improving the
viability and productivity of their livelihoods. Secondly, my interlocutors expressed interest in
utilising their education and engaging in decently-paid employment opportunities, which they
perceived to be seriously lacking, alongside cultivating land. Lastly, some interlocutors (#03, #14,
Dholiya) presented more elaborate descriptions of possibilities and highlighted the untapped
potential and underdevelopment of already existing livelihoods. They dwelled upon the potential to
develop small village-based industries utilising the produce from livestock rearing and creating supply

chains connecting the desi or ‘pure’ high-quality products to markets in the city. As they share:

The government does not provide any such schemes where, while staying in the village,

you can still do some work. There are no such small or large village industries anymore.
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Handicrafts, cottage industries — the government has shut all of that down. Earlier,
didn’t we read in books about village industries, wool-based industries, handicrafts?
Earlier, governments used to teach and support these things. Now it costs money, so

they shut it down. (#03, Dholiya)

The village lacks marketing and processing facilities. Right now, it’s just sustenance and
some extra hand money, not a business or livelihood. For example, if someone sets up an
ice cream plant here, they could use the milk and also provide some employment. [...]

There’s more demand in the city; we could process & sell there. (#14, Dholiya)

These concerns and aspirations point to a broader developmental contradiction — while industries
such as large-scale solar PV are promoted as pathways for rural development, the existing place-
based livelihood systems continue to suffer from neglect and structural marginalisation. From a
decolonial energy justice perspective, this raises the question of which livelihood practices and rural

futures are supported and which are rendered marginal in the pursuit of low-carbon development.

5.7 Answering the research questions: the landscape of rural Jaisalmer and solar PV

The preceding analysis — of the transforming landscapes of rural Jaisalmer and its intersection with
the expansion of large-scale solar PV underpinned by India’s development trajectory — offers useful
insights toward answering the research questions guiding this thesis. Through the case of Dholiya,
Keraliya, and Sanawara, | examined the socio-ecological and developmental transformations shaping

these landscapes and their intersections with solar PV.

In response to RQ1, | showed that the socio-ecological landscape of the three villages is shaped by
three interlinked livelihood practices — livestock rearing, rainfed agriculture, and more recently,
irrigated agriculture. While irrigated agriculture is said to be practised by a minority of households,
rainfed agriculture and livestock rearing remain the most widespread. Access to land is fundamental
to these livelihoods and the analyses of the land classification, ownership, and use records reveal the
differentiated land-access in these villages. Across the three villages the majority of land is owned by
private individuals and used in multiple ways — either for irrigated cultivation twice a year, or for
rainfed agriculture during the rainy Kharif season and grazing for the rest of the year, or entirely for
grazing livestock. The villages have varying percentages of pastureland and Orans also used for

grazing livestock.
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The analysis of caste-wise land ownership shows that (1) the Bishnois (82%) hold the majority of land
in Dholiya, which has a predominant Bishnoi population, (2) Rajputs (52%) are the majority
landowners in Keraliya, and (3) Sanawara’s diverse land-ownership regime is dominated by Rajputs
(32.6%), Meghwals (13.5%), Jats (11%), and Muslims (10.4%). Access to irrigation also varies among
caste-groups with Muslims having relatively lower access as compared to other major land-owning
castes in Keraliya and Sanawara. These patterns reveal the historically rooted inequalities in access to

land and irrigation within these landscapes.

An analysis of the ongoing landscape transformations reveals the socio-ecological consequences of
irrigated agriculture — enclosure of land, disruption of wildlife habitats, groundwater extraction, and
increasing use of artificial agricultural inputs, while some accounts present a trend of declining
groundwater levels and failing tubewells. The enclosure of land for irrigated agriculture has led to a
reduced accessibility of grazing grounds for village livestock. This, compounded by the decline in
native grasses, is said to have forced the villagers to reduce livestock numbers and adjust to a
growing need to buy increasingly expensive fodder. Rainfed agriculture, practised mainly for
household and livestock sustenance, in turn relies on the availability of livestock manure and is said

by some to have suffered a decline in productivity due to perceived changes in rainfall patterns.

In response to RQ2, large-scale solar PV expansion intersects with an already transforming landscape
and reconfigures it through the further enclosure of grazing land and uneven distribution of socio-
economic benefits. The solar PV plants now occupy land previously said to have been either used for
rainfed cultivation and grazing, or uncultivated and used mainly for grazing. This enclosure, through
the creation of single-use energy landscapes, increases the precariousness of livestock herders and
livestock rearing as a livelihood. At the same time, it creates economic benefits for land-holding
households within the villages in the form of lease payments in exchange for land. These benefits
accumulate for a few large landowners who have the economic means and political power to capture
contractual opportunities associated with the power plants, thereby largely excluding landless
households and livestock herders. Since a few caste groups and households dominate land-

ownership this also leads to the reproduction of existing social inequalities within the villages.

While not analysed directly by this thesis, large-scale solar PV expansion is also said to alter the local
ecology of these villages with concerns over the felling of trees, clearing of land, and a perceived rise
in local temperatures. Together with concerns about the disposal and recyclability of the panels,
these concerns contest the sustainability claims associated with large-scale solar PV within the

villages.
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5.8 Contributions and Implications: solar PV in transforming rural landscapes

I now bring my findings into conversation with the relatively limited empirical studies on large-scale
solar PV expansion in India. Much of this literature has analysed projects developed mainly on
common or government-owned lands with a focus on procedural and distributional injustices,
dispossession, and associated impacts (Shokrgozar & Sareen, 2025b; Stock, 2021b; Stock &
Birkenholtz, 2019; Yenneti & Day, 2015, 2016). My findings speak to this literature and extend the
discussion to cases like Sanawara and Keraliya where the majority of land occupied by solar PV is

privately owned.

First, my findings on the uneven distribution of socio-economic benefits of the land-lease model for
large-scale solar PV align with Ghosh et al.'s (2023) analysis of the Pavagada solar park in Karnataka,
which shows how large landowners receive substantial benefits, while landless labourers are further
marginalised. From a caste perspective, my findings also align with studies showing that dominant
castes groups are often better positioned to benefit from ancillary opportunities associated with
solar projects (Stock, 2021b; Yenneti & Day, 2016). Further, the findings on issues of access to basic
facilities such as water and electricity among villagers, also resonate with other studies (Stock &

Birkenholtz, 2019; Yenneti et al., 2016).

However, previous studies on solar PV expansion in Jaisalmer (Shokrgozar et al., 2024, 2025;
Shokrgozar & Sareen, 2025b), have mainly problematised the development of solar PV on
pastureland and Orans, and have been situated empirically at the district level. My contribution to
this scholarship is a village-level, spatially centred, geographical analysis of communities at the
forefront, including the perspectives, concerns, and aspirations of farmers, livestock herders, and
young villagers. | show how, besides Orans and pastures, privately owned land is also used for the
sustenance of households and herds, how the economic and ecological viability of place-based
livelihoods is changing, and how the presence and scale of irrigated agriculture cannot be overlooked

as a major process already transforming the diverse landscapes of Jaisalmer.

Theoretically, this thesis contributes to energy justice scholarship by bringing it into closer
conversation with energy geographies. Rather than limiting the analysis to the impacts of solar PV on
communities, | analyse it as a part of a wider landscape-making process. This landscape perspective
decentres energy infrastructure as the primary object of analysis and draws attention to the broader
socio-ecological relations through which land, livelihoods, caste, and local ecology are already being

reorganised.
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These findings have implications for India’s solar rollout and its broader development trajectory.
First, they suggest that access to land, whether public or private is crucial for the sustenance of
place-based livelihoods, and that multiple land uses often co-exist and compete with one another.
Thus, the creation of a single-use energy landscape may undermine the viability of existing
interlinked livelihoods. While solar PV development often accounts for the jobs and employment
opportunities it creates, the losses it produces within existing livelihood systems remain unnoticed
and unaccounted for. Second, the findings show that the benefits of solar-led development are
mediated by existing inequalities in land ownership within rural India. Third, they highlight the need
for India’s development narrative and the solar PV rollout to engage with existing rural livelihoods,
community aspirations, and alternative visions of rural futures. These findings join Kannan’s (2024)
call for a shift in focus from the urban to the rural and away from private corporate sector, in favour
of micro and small industries, as envisioned by my interlocutor. Narratives of green growth and rural
development must contend with the complex realities of places such as Dholiya, Keraliya, and
Sanawara, where solar PV enters landscapes already shaped by unequal development, ecological

change, and competing visions of rural futures. To briefly offer some reflection —

The way to take work to the villagers is not through mechanization but that it lies
through revival of the industries they have hitherto followed. Hence the function of the
All-India Village Industries Association must, in my opinion, be to encourage the existing
industries and to revive, where it is possible and desirable, the dying or dead industries
of villages according to the village methods, i.e., the villagers working in their own
cottages as they have done from times immemorial. These simple methods can be
considerably improved as they have been in hand-ginning, hand-carding, hand-spinning

and hand-weaving. (Gandhi, 1934/1947)

5.9 Limitations

This study has several limitations. First, qualitative data collection was asymmetrical across the three
villages, with more interviews conducted in Dholiya, where | stayed while conducting fieldwork, and
fewer interviews in Keraliya and Sanawara due to limited feasibility. Second, my engagement with
communities does not capture the diverse experience of all caste groups equally. Thus, more
extensive and systematic fieldwork, with landless households, women, and marginalised caste
groups could offer useful insights for future research. Third, the quantitative analysis of land use and
crop production data are based on records for a single agricultural year, instead of averages over

multiple years, thus being indicative of land-use patterns rather than representative. Fourth, claims
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for rising temperatures, declining grasses, and groundwater depletion are not analysed by this study

but are instead based on perceptions of the participants, thus requiring further substantiation.

6 Conclusion

Using a geographical perspective and a mixed-methods case study of Dholiya, Keraliya, and
Sanawara, this thesis examined how the socio-ecological landscapes of rural Jaisalmer are
undergoing transformation, with a focus on livelihoods, land-use, local ecology, and social dynamics.
It then analysed how the expansion of large-scale solar PV intersects with these existing trajectories
and produces distributional injustices. The thesis finds that the interlinked livelihood practices of
livestock rearing, rainfed agriculture, and irrigated agriculture shape land-use and village landscapes.
Land ownership is concentrated among a few major caste groups, positioning households differently
in their ability to access opportunities arising from solar PV. At the same time, these landscapes are
already being transformed through the declining viability of existing livelihoods, ecological
constraints, and uneven development. Large-scale solar PV further reconfigures this landscape, with
its distributional benefits concentrated among a few land-owning caste groups and households,
while livestock herders and landless households remain largely excluded. Livestock herders are
further marginalised by increasing land enclosures and decreasing economic viability of their
livelihoods. The sustainability of solar PV and this model of development are contested among
villagers, who highlight the perceived negative changes in local ecology and the structural neglect of
place-based livelihoods. This thesis thus concludes by questioning which livelihood practices and
rural futures are supported and which are rendered marginal in India’s pursuit of low-carbon

development.
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8 Appendix

8.1 List of interview participants

ID Village
#01 Dholiya
#02 Dholiya
#03 Dholiya
#04 Sanawara
#05 Keraliya
#06 Keraliya
#07 Dholiya
#08 Dholiya

#09 Sanawara

#10 Dholiya
#11 Dholiya
#12 Keraliya
#13 Dholiya
#14 Dholiya
#15 Dholiya
#16 Dholiya
#17 Dholiya
#18 Dholiya

Primary
livelihood

Livestock rearing
Other
Agriculture (1)
Agriculture (1)
Livestock rearing
Livestock rearing
Politician
Agriculture (1)
Politician

Other

Agriculture (1)

Solar PV
contractor

Other
Shop-owner
Livestock rearing
Agriculture (1)
N/A (Student)

Solar PV worker

Secondary
livelihood

Agriculture (R)
Agriculture (1)
Livestock rearing
Livestock rearing

Agriculture (R)

Livestock rearing

Agriculture (1)

Other

Agriculture (1)

Livestock rearing

Livestock rearing

Agriculture (1)

Livestock rearing

Caste
(Category)

Bishnoi (OBC)
Bishnoi (OBC)
Bishnoi (OBC)
Rajput (Gen)
Goswami (OBC)
Muslim (OBC)
Bishnoi (OBC)
Bishnoi (OBC)
Muslim (OBC)
Bishnoi (OBC)
Bishnoi (OBC)
Rajput (Gen)
Bishnoi (OBC)
Bishnoi (OBC)
Bishnoi (OBC)
Bishnoi (OBC)
Bishnoi (OBC)

Bishnoi (OBC)

Note. Agriculture (1) — Irrigated agriculture; Agriculture (R) — Rainfed agriculture

Age
group
(years)

40-49
18-29

30-39

18-59
(n=6)

50-59
60+

30-39
50-59
40-49
18-29
50-59
18-29
18-29
30-39
50-59
30-39
18-29

40-49

Data collection
format

Audio record

Audio record

Audio record

Audio record

Audio record

Audio record

Audio record

Audio record

Audio record

Manual notes

Manual notes

Manual notes

Manual notes

Manual notes

Manual notes

Manual notes

Manual notes

Manual notes

45




8.2 List of official data used for quantitative analysis

S.No. | Data Village Description Used in figure/tables
1| gma & 399K @laeR $r Dholiya Land ownership record | Table 3, Figure 5
S
g e
2 | TH & HTER GAeR &r Keraliya Land ownership record | Table 3, Figure 5, Table 4
S
e foee
3| IMH & TER WASR &r Sanawara | Land ownership record | Table 3, Figure 5, Table 4
Pl
e foree
4 | IReradr RO - gFag Dholiya Crop cultivation and Table 2, Table 3
2082 land use statistics for
Rabi season — year
2082 (Hindu calendar)
5| fiReEd RO - gFaq Keraliya | Crop cultivation and Table 2, Table 3, Table 4
2082 land use statistics for
Rabi season — year
2082 (Hindu calendar)
6 | FReEEY RO - & gFaa Sanawara | Crop cultivation and Table 2, Table 3, Table 4,
2081 land use statistics for Figure 7
Rabi season — year
2081 (Hindu calendar)
7 | fReEd RO - @w gEag | Dholiya Crop cultivation and Table 2
2082 land use statistics for
Kharif season — year
2082 (Hindu calendar)
8 | fRerad RO - @dw gFag | Sanawara | Crop cultivation and Table 2

2082

land use statistics for
Kharif season — year
2082 (Hindu calendar)

Note. All data received based on an application submitted by the author to the SPIO (Tehsildar - Pokaran),
Pokaran tehsil on February 16, 2026.
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8.3 Interview guide

1 Introduction to myself and the study
Basic information on myself (name, place of origin, occupation, etc.)
Information on the study (aim and purpose of the study, aim of the interview)
Verbal consent for recording the interview and using it as data for the study
2 Introductory questions
Basic information (name, age, family members, etc.)
Basic information about the village (population, number of households, castes, etc.)
3 Livelihoods & livelihood changes
What do you do for a living?
What are the livelihoods practiced by people in the village?

Could you provide more information on the livelihoods — (1) Livestock rearing (no. and
variety of animals reared, fodder, output, etc.)/ (2) Rainfed agriculture (crops cultivated,
inputs needed, land area, production, etc.)/ (3) Irrigated agriculture (crops cultivated, inputs
needed, land area, water source, production, etc.)?

How have the livelihoods been changing over the past few years? What changes have you
witnessed in — (1) Livestock rearing/ (2) Rainfed agriculture/ (3) Irrigated agriculture?

What do you think is the main source of income for the villagers?

Are there any other livelihood opportunities in the village? If so, could you elaborate more
upon them?

4 Land classification, ownership, and caste-dynamics

Could you explain the land classification and land-use in the village? — Orans, Gochara,
Khatedari

How much land do most households in the village hold? What is the variation in land
ownership between different households in the village?

How does land ownership vary according to different caste-groups?
5 Local ecology
What changes have you witnessed in the local ecology of the village?
Have you witnessed any changes in the weather — rainfall, temperature, seasons, etc.?

How has your interaction with the local wildlife — animals and birds - been, have you
witnessed any changes?

How would you describe the relationship of the villagers with the wildlife and the local
ecology?
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6 Generational changes/ Youth
What do your children do?
What do the youth in the village do — schooling, after schooling, etc.?

What livelihood opportunities do the village youth have? Could you elaborate more on these
opportunities?

7 Basic facilities and developmental aspirations

Could you describe the basic facilities available in the village — schools, healthcare, access to
drinking water, roads, etc.?

What are the developmental challenges faced by the villagers? What do you think needs to
be done?
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